The issues addressed in this paper concern the effect of pressure in the Common Rail accumulator on the engine operating parameters such as its torque, power output, rotational speed as well as its hourly and specific fuel consumption. Here, the research methods were performed by using the engine test bench strictly in accordance with the specific standards but particularly according to the requirements specified by these standards. The research station was the Fiat Multijet 1.3 JTD engine with turbocharging and direct injection, used as a power unit in the motor cars. Additionally, the experimental tests were run by using also (1) the HP-made measuring set for measurements the high pressure (up to 2,500 bars) in the Common Rail system, and (2) the CDIF/2 diagnostic interface.
Introduction
The most popular Common Rail accumulator fuel injection systems were developed by FIAT under the name of Unijet and used in motor cars Alfa Romeo 1.9 and 2.4 JTD. This company, when designing a series of Multijet engines, increased the number of fuel injection phases from two to five (pilot injection, pre-injection, main injection, after-injection and post-injection). This number of fuel injection phases allowed silent and smooth operation of engine [4] .
The possibility of many fuel injections during one working cycle allows flexible formation of fuel injection characteristics. The most important parameters affecting the accuracy of dosing are fuel injection pulse, fuel rail pressure and fuel temperature. While the fuel injection pulse can be accurately controlled by a system controller, the fuel pressure and temperature being found in the system change dynamically, affecting the dose size and the whole injection characteristics and the same the engine parameters [1, 2] .
Balawender et al. [2] undertook the problem of multi-phase injection effect on selected parameters of Common Rail fuel injection systems. Each test series was carried out in a measuring chamber at a fixed temperature of injected fuel, fuel pressure in fuel rail and working frequency of fuel injectors, which followed from the rotational speed n of high-pressure pump shaft. Among others, Fiat's fuel injectors being used in the 1.3 JTD Multijet engine were tested. Experiments consisted in the examination of fuel expenditure on pilot and main dose injection, depending on the rotation degree of fuel injection pump shaft between fuel injections for the fixed fuel injection pulse t = 1.0 ms (0.5 ms -pilot dose, 0.5 ms -main dose) and rotational speed of high-pressure pump shaft n = 600 rpm.
A similar problem connected with the fuel expenditure and the accumulator rail pressure was taken up in the paper by Ustrzycki and Kuszewski [7] . Two fuel types were compared in it, which were diesel oil ON and biodiesel B20 (mixture of 80% diesel oil +20% rapeseed oil methyl ester). Experiments were carried out for 4 types of fuel injectors. One of them was fuel injectors from the Fiat 1.3 JDT Multijet engine, marked as 0 445 110 083 (W083). Tests were made at the engine speed n = 1000 rpm and for different fuel injection pulses tijn = 1 ms and tijn = 3 ms and different accumulator pressures rail = 75 MPa, rail = 100 MPa and rail = 125 MPa.
Based on these data, comparative characteristics for two fuels were made, being the fuel expenditure [mg/injection] to the Common Rail pressure [MPa] relationships. Fuel injectors W083 were characterised by slightly higher expenditure (within 5 mg/injection) of biodiesel B20 when compared to standard diesel oil for both fuel injection pulses.
The effect of Common Rail accumulator pressure on engine operating parameters has not been taken up in literature yet, therefore the author of this paper decided to undertake this research problem.
Research objective and methods
The objective of this research project was to determine the effect of Common Rail pressure on the achievement of operating rates by compression-ignition, direct fuel injection, turbo-supercharged engine designed to drive motor cars. Research methods were conducted in conformity with the Polish standards PN-ISO 15550, PN-ISO 3046-1 and PN-ISO 3046-3 [11] [12] [13] . Experiments were performed according to the requirements specified in them using an engine test bench. Test points were prepared for feeding an engine with a full fuel dose, being determined by the system controller.
A normative reference [11] reproduced the German standard DIN, according to which engine power output had been measured.
This was an indicated power output reduced by the losses resulting from bearing friction and ancillary equipment drive, such as for instance AC generator or coolant pump.
Engine power output, also called gross power, was described according to the following formula [8] :
N e = p e V s i n (1) where: p e -effective pressure being obtained in a cylinder [Pa] ,
, -engine timing rate, for two-stroke engines = 1, for four-stroke engines = 0.5
Test bed
The test bed consisted of the following components: a) fuel tank (diesel oil) -a 750 litre fuel tank designed for diesel oil, made of plastic, b) fuel pump -to ensure fuel pressure from fuel tank and introduce it into fuel line system, c) Automex gravimetric fuel flow meter -a necessary component for measuring fuel consumption over time by means of the gravimetric method; the fuel being not burned by engine went back into it, d) eddy current brake EMX 100 manufactured by Elektromex (Poland) -a device for power take off and measurement in combustion engines place on test beds, e) programmer with power panel, fuel gauge, Fiat Panda 2 indicator kit with a software, and a Common Rail high-pressure measurement kit, engine and brake operation control with the reading of main parameters, such as power, engine torque and the data obtained from sensors. An additional element attached to this kit was CDIF/2 diagnostic interface with a firmware.
Fig. 1. CDIF/2 graphical interface
The Common Rail high-pressure measurement kit consisted of a manometer, a T-connection with nozzles, vent and stopper, a measuring hose, fuel pipes, a reduction and a venting hose. fuel injection engine with fuel feed system of the Common Rail type. It was equipped with four cylinders arranged in-line. Each cylinder had four valves that were controlled through hydraulic followers by two camshafts being placed in the head. Camshafts were driven by a power chain with pulley. Fuel injection was controlled electronically with air supercharging by turbo-supercharger and air cooler. The engine was controlled by means of electronic high pressure injection system designed by Magneti Marelli [10] .
Fig. 3. The view of Fiat 1.3 JTD 16 V Multijet engine connected with eddy current brake EMX 100 by means of drive shaft
In Tab. 1 below, engine details are given according to manufacturer's data. [10] Make 
Tab. 1. Engine details according to manufacturer's data

Results
The obtained measurement results are summarised in Tab. 2 and presented in Figs 4, 5 and 6. The engine was fed with a full dose of ON EKODIESEL fuel of the Cetane number 51.1. Ambient parameters during the test were as follows: -ambient temperature T a = 294 K, -ambient pressure p a = 98.5 kPa, -relative humidity = 40%.
The engine torque and engine power output being measured was corrected according to the relations comprised in the standard PN-ISO 15550 [11] . where: Ttq -corrected engine torque, Pd -corrected engine power output, B -specific fuel consumption and hourly fuel consumption, b -specific fuel consumption, rail -Common Rail pressure; R 2 -coefficient of determination (squared coefficient of correlation)
Tab. 2. Measurement results for engine parameters
Fig. 4. CR pressure and accumulated fuel injection pulse to engine speed relationship
Fuel injection pulse decreased for more and more higher engine speeds. A different situation was in case of the pressure rail, which showed an upward trend. The matching of trend curves (first degree straight line -Common Rail pressure, third degree curve -accumulated fuel injection pulses) with high values of the coefficients of determination R 2 (0.9796 and 0.9812 for the pressure rail and accumulated fuel injection pulses, respectively) was an evidence of a good fitting of theoretical values to the actual ones.
The next parameters taken into account during measurements were engine torque and its power output. The characteristics being illustrated above resemble the course of external characteristic curve for engine torque and its power output in relation to its speed. Thus, this confirms the linear relationship from Fig. 4 , which is evidence of a growing linear relation of the pressure rail in relation to rotational speed.
Fig. 6. Specific and hourly fuel consumption to CR pressure relationship
The measure of total engine efficiency, and therefore the specific fuel consumption according to actual measurements is the lowest at the pressure rail = 1100 bar, but it would be found near the pressure rail = 1050 bar when taking into consideration the matching of trend curve. The hourly fuel consumption increases with the increasing values of accumulator pressure. These indices satisfy the most significant ecological function; therefore, it is worth considering how to match the pressure rail with fuel injection pulse and the highest efficiency of turbo-supercharger. This could result in lesser and lesser fuel consumption.
Conclusions
The Common Rail type systems are the most vigorously developing fuel systems in compression-ignition, turbo-supercharged engines with direct fuel injection Continuous evolution in the construction of power units with these systems allows achievement of fuel injection pressures just above 200 MPa. The value of pressure in a Common Rail accumulator is of significant importance for fuel injection pressure. It is that what have a significant influence on the course of engine torque curve and consequently on the course of in-time work capability curve, and therefore on engine power output.
Depending on the matching of engine to a vehicle and its destination, the accumulator pressure should be gradually increased but it is also worth considering if a longer accumulated fuel injection pulse would not be a better solution in terms of engine durability (valve group and piston-rings-cylinder assembly). A pursuit to achieve optimum CR pressures together with controlled co-operation of turbo-supercharger considerably increases total engine efficiency (specific fuel consumption), which results in the achievement of specific power from smaller quantity of consumed fuel.
